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IMPORTANT: Your attention is again called to the fact that
this is not an ordinary book. It's pages are scrambled in
such a way that it cannot be read or studied by turning the
pages in the ordinary sequence. To serve properly as the
gulding element in the Articulated Multimedia Physics Course,
this Study Guide must be used in conjunction with a Program
Control equipped with the appropriate matrix transparency
for this Lesson. In addition, every Lesson requires the a-
vailability of a magnetic tape playhack and the appropriate
cartridge of instructional tape to be used,as signaled by

the Study Guide, in conjunction with the Worksheets that ap-
pear in the blue appendix sec*ion at the end of the bocke.
Many ol the lesson Study Guides also call for viewing a single
concept film at an indicated place in the work., These films
are individually viewed by the student using a special pro-
jector and screen; arrangements are made and instructlons
are given for synchronizing the tape playback and the film
in each casee.
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STUTY ¢, 7y TR SHEET
STUDY GUIDE TEXT:

Page 2kt Top of page, equation on right side,

change i to 1
k2 2
T

Page 57: Cross out "Before continuing'", then add
to the sentence so tha* it now reads:
"Please turn to page 123 in the tlue
appendix after you have read the descrip-
of the Cavendish apparatus glven below.,"
You will find i1t helpful to learn some-
thing about the construction of the equip-
ment that you're golng to see on the film
called for in the blue appendixe.

STUDY GUIDE DIAGRAMS: No changes.

WORKSHEETS: The Worksheet for Tape Segment 4 has been erron-
eously printed on the back of the pink Homework sheet,
Please look for this Worksheet in that place, It
now carries the label "p, 124",

HOMEWORK PROELEMS:

Problem 7: Signify that this problem is to be omltted
by crossing it outs You will find this problem
given in the Homework section of Lesson 10,

Change number 8 to number 7,

Problem 3: Second line, toward right, change '"mody"
to "body",

Uvper left corner heading: Change to AMP LESSON 9.
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Aruitoxt provided by Eic:

During the two plague years of 1665 and 1666, Isaac Newton, who had
Jjust tompieted his firsy degree at Trinity College, Cambridge University in
Ergiand, leit the campus w2 study in isolatien at his home in Woolsthorpe.
Dirdng these years, he devaicped a clear concept of the first two laws co.
motaicn discessed in cuy previous lesson, and succeeded in deriving the
equation fox the isrze exerted on a rotating object. It is highly probable
thar the famous incident of the falling apple also occurred during the same
TWS-y ey 1uvervEl

Ir vru have been ihinking that zhe falling-apple story is in the same
category cf imaginative tales as the one about George Washington and the
~herry wves, you're prcbably wrong. William Stukely, a friend of Newton's)
pubiished :in .7%% she scientist's bilography which records the following
incidenr: On one o.rasion when Stukely was having tea with Newton in a
garden under scme appie trees, Newton casually informed him that "he was just
in vhe same Situaticn, as when formerly, the notion of gravitation came to
hie mind. Iv was oczasion'd by the fail of an apple as he sat in a con-
cempiacive mood, . " '

We must not interprer this statement to nean that progress in science
depends upon such accidental and trivial happenings as the fall of an apple
frem a tree. Newron was in a “contemplative mood"; the falling apple merely
served as a trigger which turned Newton's thoughts to gravitation.



In this lesson we shall study the quantitative meaning of the Law of
Universal Gravitaticn. We expect that you will understand this material
thoroughly because we shall present it through the medium of your grasp of
proporiionaiities; your understanding will be strengthened by working out
some interesting problems dealing with weight changes and similar effects.

Perhsps, as you study this lesson, you will join us in the feeling of
swe we experience each time we meditate on the tremendous intellect of Sir
Isazc Newton. Today in universities and laboratories throughout the world,
physicists end engineers draw up plans for new space vehicles, new types of
satellites. and safe interplanetary spaceship-~-all basically dependent on the
laws cf physics first expounded by & man who was a student like you about
300 years ago.

Allow your imagination free rein. If you have a normal amount of
curiosity and a desire to understand your universe, you should derive
ronsiderable enjoyment from following us as we carefully retrace the thinking
that led to this great generalization of physics,

Please go on to page 12! in the blue appendii.



You probably began to hear about gravity and gravitatior when you
were 1n the elementary grades. at first you acceprted the force of attrac~
rion between two bodies of matter, like the apple and the Earth, as quite
natural. You didn't have to explain it; you just knew it was there. Infants
seem to be born with an instinctive fear of loss of support, a fear of falling,
s¢ this is something that dcesn't have to be learned.

Yet as you grew older and more mature, you probably began to ask
why bodies should attract each cther, why there is a force of gravitation
wherever mattier exists: It's regrettable but true that we cannot yet answer
thece questions. We just don't know the source of the gravitational force.
There are hypotheses, of course, and eaclh passing year sees an improved
understanding of this phenomenon, but we have a long way to go before any
of these hypctheses can be accepted. So we must be content with being able
ro describe gravity with great rigor, with being able to put gravity Into
mathemstical terms, and with being able te use our knowledge to practical
adwantage.

We know that the masses of two nearby bodies influence the force of
gravitation between them. To be sure you remember just what mass means,
look over the following statements and then choose the one you think is
most correct:

A Mass 1s the same thing as weight.
B The la:ger the space occupied by a body, the greater its mass.

C A large quantity of matter has a correspondingly large mass.

ERIC

Aruitoxt provided by Eic:



YOUR ANSWER ~-=-- C

You are correct. More than 100 years after Newton published the law
of gravitation in his "Principia," Henry Cavendish, another British sclentist,
perfcemed a laboratory experiment in which he showed that a situation such as
that depicred in Figure 1{(Z) on page 99 would involve a larger gravitatioral
force than either that of X or Y.

Let's imagine that Cavendish used our figures (Figure 1 on page 99)
tcy the masses, keeping r the same in each case. If he did, he might have
gotten results like those shown in Figure 2.

CASE X CASE Y CASE Z
my 1 kg l kg 10 kg
my 10 kg 1 kg 10 kg
F i0 1 100

g UNILS UNIT UNITS

F_ = FORCE OF GRAVITATION BETWEEN m; AND m,
MEASURED IN SOME ARBITRARY UNIT (NOT NEWTONS)

Figure 2

The masses exert mutual gravitational attraction on each other; this is
Fg, measured in some arbitrary unit (not newtons). Study the relationships
in each vertical column; then compare them with each other. From these results
it appears that, with r constant, the force of gravitation between bodies is
directly proportional to which of the following?

(3)

A The product of their masses.

B The sum of their masses.

C The quotient of theilr masses.




YOUR ANSWER ~-- C

You are correct. Originally we had:

Fg = kmymy = 16 units

When each mass is doubled, we then have:
Fg = k(2my) (2my) = 4kmymy

Hence, the new force 1s four times larger than the original force or 4 x 16
units = 64 units.

Tiros II, an artificial satellite, 1s kept in orbit around the Earth
by virtue of the gravitational attraction between the two bodies. Suppose
Tiros II had been bullt with 10 times its present mass and placed in the same
orbit. What would then be the gravitational attraction acting between the
satellite and Earth?

(5)
A 100 times as large as it is at present.
B 10 times as large as it is at present.

C The same as it is at presént.
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Aruitoxt provided by Eic:

YOUR ANSWER -~- B

You are correct. FEven if you knew nothing at all about gravitation,
this would be a sensibie guess., (.avitation, like magnetism, works over a
distance. The force of gravitat -, like the force of magnetism, decreases
as the distance of separation i: acreased.

We can't take time now to explain how he did it, but Newton was able
to show that the force of gravitation decreases as the square of the distance
between centers cf the masses. Cavendish's measurements also showed that the
torce of gravitation is inversely proportional to the square of the separation
é}gtancg; Both of these statements convey the same information.

We want this relationship stated mathematically. Which one of the
foilowing is the proper way to write it?

{(7)
- 2
A Fg kr
B Fg = k/r
= K2/
C Fg ke/r
= Liv2
D Fg k/ix



YOUR ANSWER --- B

You forgot to square the 'r'" factor.

Remember, when the di.tance is doubled, the "2" multiplier must go
inside the parenthesis for r. Then, when you square the denominator, it
becomes 4r4, not 22,

Please return to page 97. Select the answer which takes into account
a numerator multiplied by 3 x 4 and a denominator multipled by 4.



YOUR ANSWER —-- A

You are correct. Although Callisto has a slightly greater mass than
Io, it is so much farther away from Jupiter that the distance factor more than
makes up for the greater mass.

Refer to Figure 3 on page 65.

Working to two significant figures, determine how many times as great
the gravitational force acting on Lo is compared to that acting on Callisto,
with Jupiter taken as the second gravitating mass in each case. Use my for
the mass of Jupiter, 1 (unit) for the mass of Io, and 1.3 (units) for the mass
of Callisto. Since we are setting up a ratio of factors having identical units,
the units may be omitted altogether. Work out the solution fully; then
seiect cne of the answers below.

The gravitational force acting on Io compared to that acting on
Callisto is which of the following?

(10)
A Between 2 and 10 times as great.
B Between 10 and 100 times as great.
C Bezween 100 and 1,000 times as great.

D Not within any range given above.




YOUR ANSWER --- A
You don't mean it!
The pouad 1is an English unit and does not fit in: > MKS system at all!

Please return to page 55. Think before you make your next choice.
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YOUR ANSWER ~-- A

This is a discouraging answer!

It suggests that we are going to have to invent a new unit to measure
the force of gravitation. Doesn't this also suggest that such a problem is

likely to occur again and again, every time we derive a new equation for
different .kinds of forces?

Can you imagine the mess we would find ourselves in if we allowed this
to happen?

There simply must be a way out of the difficulty. Try to see what that
way must be.

Please return to page 106, The answer is there.



-

YOUR ANSWER ~---- C

You are -orrect. The steps in the simplification follow:

kg-g x m2
We start with: k = EESEEZ-__
We next muitiply m x EE’ obtaining m3. Also, we cancel the kg in

the numerator against one of the kg's in the denominator giving us:

si; or sch x Te by the reciprocal rule.

Se¢ finally we have: "
_m
kg-sec

The unit is read as: ''meters cubed per kilogram second squared."

A unit like this has little intrinsic value. It doesn't czll pictures
up in your mind iike the simpler ones. For instance, when you say that the
speed of & car 1s 60 mi/hr, you have a definite visualization of a mile of
distance being traversed in a minute of time. But you can't apply the meter
cubed per kilogram second squared in the same way; it lacks the clear-cut

conceptual meaning of the basic units for distance, area, time, density, and
so on.

Once this is recognized, you don't need to concern yourself with it any
longer. Rezlize that it is an artificial unit created with a specific purpose
in mind: o allow you to measure mass in kilograms and distance in meters
and then have the force of gravitation come out in newtons.

Please go on to page 12.
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Just as a check, let's substitute the units back into the original
gravitation equation to ascertain that Fg does come out in newtons.

3 -
m;m m kg x_k
= k192 = 2—&
Fg k 2 kg-—sec2 X m
Then, clearly, the EE in the denominator takes out an EE from the Ei’
leaving m in the numerator; one kg takes out the kg in the denominator; this

leaves finally kg-m/sec2 which, of course, is the newton.

So, the constant in Newton's Second Law is a pure number, but the-
constant in the Law of Universal Gravitation has units. There is still
another difference, however. In the Second Law, the newton was defined by
making k equal unity; that is, if m is in kilograms and a is in m/secz, then
the force in F = kma is in newtons. Hence, not only is k dimensionless (a
pure number), but it is equal to 1.

Please go on to page.l3.
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Now let us assume: for the moment that k in the Law of Universal
Gravitati n is 1 m3/kg—secz, We repeat, this is an assumption only; it

must be tested. Then suppose you had two 1 kg masses separated by exactly
one me':r hetween their centers.

How large would be the gravitational force between them?
{14)

A 0,1 newton.

B 1072 kilograms.

C 1 kilogram.

D None of the above is correct.
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YOUR ANSWER ~-- A

Review the meanings of the symbols in:

g r

Cavendish knew the distance between the centers of the masses;
hence he knew r. If a quantity is known, it cannot be an unknown, can it?

Please return to page 57. You can do better tban this.
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YOUR ANSWER --- B

The numerical portion of this answer is wrong.

You made an error in handling your powers of 10. It appears that, in

moving the 10! kgz in the denominator up to the numerator, you forgot to
change the sign of the exponant.

Correct the error; then please return to page 76 and make another
selection.
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YOUR ANSWER --- A

There 1s nothing wrong with this statement of the Second Law; it is
a perfectly good general expression of the relationship between acceleration,
force, and mass.

The trouble is, you were supposed to select the best statement of the
Second Law as applied specifically to bodies in free fall. For this special
case of the Second Law, we symbolize acceleration due to the Earth's
gravitational pull by g rather than a. Furthermore, the force in this case
is certainly a very specific one, namely the force of gravitation.

There is a much better expression in the list for bodies in free fall.

So please return to page 32 and find the best expression.
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YOUR ANSWER -=- C
You can't do that.

The symbol g means gravitational acceleration which, at the surface
of the Earth, is 9.80 m/sec2. The symbol G means the constant of universal
gravitation which is 0.667 x 10~10 m3/kg-sec2,

Since these are two entirely different quantities, they cannot be
eliminated by cancellation.

So please return to pagefll. The necessary operation is really quite
simple.
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YOUR ANSWER ~-- C

Fine! You are correct. Since the mass of the object has dropped out
of the equation (when the my's were canceled), we know that g can no longer
be affected by this quantity. Thus we have shown why it 1s that all bodies
(discounting air resistance) have the same acceleration, i.e., 9.80 m/sec
or 32 ft/secz, near the surface of the Earth,

NOTEBOOK ENTRY
Lesson 9

(Item 1)

{e) All bodies, regardless of their mass, have the same acceleration
near the surface of the Earth (9.80 m/sec? or 32 ft/sec?). This
follows from:

g = g where F_ = force exerted on body by Earth
Mo and m_ = mass of body

= Glom
But since Fg G—fzﬁ
mgm
THEN G—%QE
g = G5
: m, r

Since m, does not appear in the final expression for g, then the mass
of the object cannot affect gravitational acceleration.

Now for a little fun. How would you like to calculate the mass of
our planet, the Earth? To help you go through the operations, we are going
to do the tedious arithmetic for you. .0f course, 1f you work on a slide
rule, we'd be happy to have you check each calculation.

Before continuing, however, please turn to page 124 in the blue appendix.
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Ready? Let's start with the equation we previousely obtained as an
expression of Newton's Second Law for bodies in free fall,

s = O3

Now let's see. We know the values of g, G, and r. That means that

the sole unknown is the mass of the Earth, Mg .

So let's solve the literal equation for me. Go ahead. Do it.

When you answer is written on paper, turn to page 113.
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YOUR ANSWER --- C
You are absolutely correct.

Completing the tedious part of the arithmetic, let's obtain the result
of this operation:

9.8 x 4.1

6.7 - 60

So, what is the final answer for the mass of the Earth in kilograms?

Write your answer on scrap paper; then turn to page 1l14,please.
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YOUR ANSWER --~ B

You are correct. So, we'll write down the values of the knowns in
the above statement and then solve. (Incidentally, the mass and radius of
Mars have been determined with good precision by beth astronomical and physical
methods.) We'll work, as before, to two significant figures.

Given: m_ = mass of person = 100 kg

m, = mass of Mars = 6.4 x 1023 kg

r, = radius of Mars = 3.4 x 106 m

G = gravitational constant = 6.7 x 10~11 m3/kg-—sec2
The substitutions:

23
- -11 , 100 x 6.4 x 10
w= 6.7 x 10 __73_2—;—T5 )
Simplifying and collecting similar terms:

= 6.7 x 6,4 , 1077
“aanr

You tell us. What is the value of the exponential term?

(23)
A 100
B 102



[
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YOUR ANSWER --- D

You are correct. If sclved for k, this expression yields:

k=F r2

o
o

It's obvious that F_ and r2 form a constant product. This, as you know, is
a requirement for an inverse proportion.

NOTEBOOK ENTRY
Lesson 9

{Irem 1)

{b) If the masses of two bodies are held constant, the gravitational
attraction between them is inversely proportional to the square of the distance
separating their centers.

k

Fg = 12

Don't put your notebock away quite yet. Read over the two parts of
the Law of Universal Gravitation. Newton combined these two parts into a
single statement which, in our modern terminology, reads as follows:

NOTEBOOK ENTRY
Lesson 9

{Item 1)

(¢) Thus, every body in the universe attracts every other body with
a force that is directly proportional to the product of their masses and
inversely proportional to the distance between their centers.

1 =
g

Do you think you can finish the equatiom without the help of choices?
Try it. Write it on scrap paper. If you have forgotten how to combine two

proportions into a single one, review notebook entries Lesson 8, 2(a) through
2(d). : '

Please turn to page 95 for the correct answer.
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YOUR ANSWER ~-~ A

You are correct. We hope you chose this equation on your first try.
Good work. The two equations we have now are:

At Sea Level: At the lLew Altitude:
w = G__Trile ¥ oo cRMe
(%, 000) 2 r?

According to the terms of the prcblem, which quantities on the right
side of the equation remain constant for any altitude? Before choosing your
answer, write both equations on your scrap pzper in the form given above.
They may not be presented again until much later.

(25)

A G, m., and r.

r

B my, mg, and r.

C mg, G, and me..
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YOUR ANSWER --- A

You are correct. Good. This answer i1s obtained as follows:

k 1

W B 0 ! 5

4,000 <5000
v oo ( ’k ) simplifies to T = S ,1 )
2 2 ; L

It can be reduced to:

r2

2 m __I°
(4,000) 2

Now, to find E_(the distance between the center of the rocket and the
center of the Earth at the new altitude) we simply need to solve this last
equation for the unknown. Do it; then choose the correct answer below.
(Remember that you want r; hence, when you solve for r2, you will have to
take the square root of both sides.)

(27)
A= \roon
B r 8‘2%6%%

D r = 1.41 x 4,000
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You have now completed the study portion of Lesson 9 and your Study
Guide Computer Card and A V Computer Card should be properly punched in
accordance with your performance in this Lesson.

You should now proceed to complete your homework reading and problem
assignment. The problem solutions must be clearly written out on 8%" x 11"
ruled, white paper, and then submitted with your name, date, and identification
number. Your instructor will grade your problem work in terms of an objective
preselected scale on a Problem Evaluation Computer Card and add this result
to your computer profile.

Ycu are eligible for the Post Test for this Lesson only after your
homework problem solutions have been submitted. You may then request the
Post Test which is to be answered on a Post Test Computer Card.

Upon completion of the Post Test, you may prepare for the next Lesson
by requesting the appropriate
. study guide
. program control matrix
. set of computer cards for the lesson
. audio tape

LW N -

If films or other visual aids are needed for this lesson, you will
be so informed when you reach the point where they are required. Requisition
these aids as you reach them.

Good Luck!
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson informatian.
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.
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This page has been inserted to maintain continuity of text., It is
not intended to convey lesson information.
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.
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YOUR ANSWER ~-- B
No, it would not.

As the equation g = G x me/r2 indicates, g 1s inversely proportional
to the square of the distance between the centers of gravitating bodies.
Since a rocket that has gone up to 4,000 miles in altitude has doubled
its distance to the center of the Earth (remember the radius of the Earth

is about 4,000 miles), then the value of g wauld be cut down to % of its
value near the surface.

Please return to page 112 and select the other answer.
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YOUR ANSWER --- D

You are quite correct. Here is the solution:

Starting with: Fg = Eigl
T
Fr2

Solving for k: k = w2

| = 0.667 x 107 nt x (10 x 1072 m)?

Substituting: T kg x 10 kg
k = 0,667 x 107 nt x 1072 m2 x 10~1 kg?
3
= —1 m
k = 0.667 x 10~10 kg-sec?

Note that k is an extremely small quantity. When you stop to think for
a moment, you can understand why this must be so. The Earth is a tremendously
massive body (about 6 x 1024 kg:); yet it attracts a 1l kg mass with a force
of only 9.80 newtons. When you compare the mass of the Earth with a 10 kg
mass, it is evident that the latter must exert a much, much smaller attraction
on a 1 kg mass. Hence, the force in this case is only 0,667 x 10~7 nt for
a separation distance of 1/10 of a meter. The contrast becomes even stronger
when you remember that the center of the Earth is at least 4,000 miles from the
center of a 1 kg mass near its surface.

NOTEBOOK ENTRY
Lesson 9

(Item 1)

(d) The value of the gravitational constant k (often written as G)
is 0.667 x 10~10 n3/kg-sec2.

Please go on to page 32,



Lt
N2

- - PRV P2 - -—q‘__?> 3 X

Where G = 0.687 = 1070 oy 6,567 x 197+° m’fkg~sec2, mj and my are
_expressed in kilograms, and in metrers, the full statement of the Law of
Universal Grevitasion migh%t bs weritten this way: ‘

£

Lo

time to return £o a point which we glossed over

Tuis is an ewsellent time 3
in g previous lesson. We row have s ouy command the facts we need to explain
thisg point,

Do vou vecall that we emphasized over and over again the experimental
fazt that &ll bodiew, repardiess of their mass, have the same acceleration
‘near the surfuce of the Earth, pamely 9.8 m/sec’ or 32 ft/uec?? We do hope
that this statement seswed & livrle incvedible at the timc because, after
ali, if a body is more wmassive, doesn’t the Earth pull on it with more force,
and shouldn®s in therefore bhave z greater acceleration?

Now we propase o explain why zll bodies have the same acceleration
using Newton's Second Law of Metion pius the Law of Universal Gravitation.

As a start, suppose ycu seleect from the list below, the BEST state-
ment of the Second Law zs applied specifically to bodies in free fail.

(173

o F

A a &
B 3%.{5—3\
0

v

ZB

¢ gwm

ERIC

Aruitoxt provided by Eic:



33

YOUR ANSWER —-- C

t

No, it wouldn't remain the same. You might wonder how you could be
expected to guess at a thing like this, knowing nothing at all about the laws
of gravitation. Well, there are certain experiences in your background
which could help you make a more ''educated guess.'

For example, you must have seen magnets in use at one time or another;
perhaps you have played with them yourself. Magnetic force and gravitational
icrce are similar in at least one respect: they are both forces that act over
& distance. Now, in the case of magnets, you must have seen one pull a
pitece of iron to itself if brought sufficiently close. Then you must have
noticed that, when the magnet and iron were moved far enough apart, the
ferce was no longer great enough to move the iron.

Simply because gravitation and magnetism have certain similarities
is not sufficient reason to assume that they are governed by the same natural
laws. No one would expect you to make this assumption. But the similarity
is there. It should encourage you to formulate a tentative hypothesis that
distance of separation and resulting force might also be related in a similar
fashion.

Please return to page 66 and choose another -answer.

ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER --- C

If there is an increase in the mass of either one of the two bodies
exerting gravitational force on each other, the force must change, provided
that the distance between them does not change. From the equation below
you should be able to recognize that a change in either my or me will cause
the force to take on a new value:

Fg = kmtme

Please return to page 5. You can find the right answer.
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YOUR ANSWER -~~ A

Mass and weight ave entirely different concepts.

e

You are being misled in your thinking, perhaps, because you know that
weight depends upon mass in a given loc¢ation. That is, a body in Paterson,
New Jersey, has a given weight; another body in Paterson, New Jersey, having
twice the mass of the first object would have twice the weight.

But a dependency like that of weight on mass 1s not an equality. The
number of apples you can buy depends upon the number of dollars you have,
but apples and doliars are not ihe same thing.

Sc mass and weight cannot be equated. Later in this lesson, we will
define weight very carefully so that no doubt about this should remain in
your mind.

Please return to page 3. There is a better answer than the one you
chese.
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YOUR ANSWER --- B

A laboratory experiment can be performed in which actual measurements
of the force of gravitation between relatively large masses can be taken.
Of course you have not performed this experiment, but we hoped that some of
your science courses in the lower grades might have given you a clue to the
right answer, or perhaps that you might have read about it in popular scilence
books.

A laboratory experiment in which the attraction between the pairs of
masses in Figure ! on page ‘99 is measured would disclose that the largest
force would not be obtained for Case Y.

Please return to page 9%. Try again.



37

YOUR ANSWER --- A

You are correct, Taking Fg as proportional to the product of the masses,
we can write: kmimy. To compare the three cases, we could tentatively
set k = 1 since %t will have the same effect in each case. Thus, the compara-
tive values of Fg for the three cases are: '

Case X: Fg =1 kg x 10 kg = 10 units of force
Case Y: Fg =1 kg x 1 kg =1 unit of force
Case Z: Fg = 10 kg x 10 kg = 100 units of force

And these values check with those of the table in Figure 2 on page 4.

Newton recognized this relationship. We shall state it as a notebook
enLyy. :

NOTEBOOK ENTRY
Lesson 9

}. The Law of Universal Gravitation

{a) If the distunce between their centers is constant, the gravita-
tional attracticn between two bodies 1s directly proportional to the product
of their masses.

Fg = kmlmz

P -t s e

Pleass go on to page 38.
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You have probabiy been wondering about the use of "units of force'
rather than newtons in our thinking thus far. Den't worry about the units
at this time; we'il clear this matter up later.

Dc you have the relationship between gravitational force and mass
stowed away in your mind now? Well, a little check would be useful at this
time.

Suppose we have just performed the Cavendish experiment on two masses,
m; and my, and have found that the force of attraction between them comes out
as 16 units of force. Now imagine that we double each of the masses without
altering the distance between their centers. How large would the gravitational
force be now? '

(4)
A 4 unitSb
B 32 units.

C 64 units.
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YOUR ANSWER --- A

For two variables to be inversely proportional, their corresponding
values must for a constant product.

In F, = krz, we have the two variables forming a constant ratio, not a
constant product because, solved for k, the relation reads k = Fg/rz.

Take the time you need to study the mathematical statements. Be sure

to pick the one in which you can show that the variables form a constant
product.

Please return to page 6. Make your next choice more carefully.




40

YOUR ANSWER --- C

You neglected to include in your calculations the fact that the distance
had been doubled.

If the distance had remained the same, then the value of F_, would be
12 times as large as it was initially if m; was multiplied by 3 (%ripled)'
and mp by 4 (quadrupled).

But you were told that r had doubled, too.

So, return to page 97 and select the right answer.
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YOUR ANSWER --- A

The ratio of the forces on Io and Callisto does not fall into this
range. You have, therefore, made an error in order of magnitude.

You must go back and find your error by checking all of the operations
you performed. In a problem of this type, there are three usual sources of
error:

(1) TForgetting to square the distances.
(2) Errors in handling powers of 10.
(3) Just plain arithmetic errors (such as division of fractions).

Please return to page 8 and make another selection.
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YOUR- ANSWER =~- B

You should remember how we obtained the equivalence of the newton from
the Second Law,

F = ma

F =k _m_ akg—mZ
& X sec?2 sec

"

Then we merely began to use the name newton for the =87%. Thus by
—_ ec
definition,

]

1 newton = 1%%%%

1f the newton is defiied this way, how can it possibly be the same as
1 kg2/m2? It would be just as logical (or, better, illogical) to say that l
1b is the equivalent of 1 apple per orangeé...a.or that 1 ft 1s the equivalent
of 1 ton/lb4., We can't have different definitions for the same thing when we
use 1t in different places. There is absolutely nothing you can do to cause
two different units to take on the same meaning, so don't try it.

But there 1s something that we can do to get cut of this difficulty.
Try to see what that way must be!

Please return to page 106 and try again.
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YOUR ANSWER --- B

You seem to have become mixed up by the universal equation and the
one in which we substituted units. No proper arithmetic manipulations
could ever lead to a simplification like this one. In performing simplifica-

tions, you must observe the rules of ordinary arithmetic. You can do it if
you take your time.

Try again. Return to page 74 and make another selection after you
have worked it over cnce more.
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YOUR ANSWER --- A

This answer is incorrect.

To find the right answer, it is necessar substitute unity for each
of the independent variables (m], my, and r) as +1 as the constant k.

You will find that the answer is not 0.1 nt.

Please return to page 13. Make the suggested substitutions. What
do you get for Fg?
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YOUR ANSWER -~~ A

This answer contains two mistakes.

First, the unit is wrong. Check your work and find the right unit.

Second, you neglected to take into account that the distance is 10
centimeters, not 10 meters.

Make the necessary corrections; then please return to page 76 and
choose the right answer.
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YOUR ANSWER ~-- B -

This expression is a perfectly good statement of the Second Law, but
it can be made even better by using another letter for the acceleration.

Do you recall that we use the letfer g rather than a to indicate acceleration
in free fall?

Please return to page 32. You can choose the best equation now.
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YOUR ANSWER --- B

Can't be done! At least not according to the standard rules of
arithmetic. You have no justification for such an operation!

There's an easy, legitimate step you can perform to simplify the
equation.

Please returxn to page 111 and try again.
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YOUR ANSWER --- A W
(4 18) §=G =

Look at the equation above carefully; then read the statement even
more carefully. It sounds good, but something has been omitted. What is
the exponent of the distance symbol?

Please turn tn page 79 after you have discovered what is missing.
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YOUR ANSWER --- B

Although your coefficients and exponential numbers are correctly
associated with each other, you have an inversion in the substitution. You
can find this error.

Please return to page 113 and select the right substitution.
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YOUR ANSWER --- C

We are going to say that this answer is wrong because of a certain
mistaken idea it has.

The symbol "G" stands for the universal constant of gravitation. It
always has the same value, throughout the entire universe--namely, 6.67 x 10-11
m3/kg-sec2a Remember that the need for G arose in developing the gravitational
equation only because a proportionality constant was required that (a)
had the right units to make our answer come out in familiar force units and
(b) had the right magnitude to make our angwser come out in newtons.

Thus if you accept G, this implies that the constant has one special
value on Mars and other values elsewhere. This is not true; hence the
equation should not be accepted in this form.

Please return to page 115. The right answer should now stand out
clearly.
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YOUR ANSWER --- A

In collecting terms, you should have arrived at something like this:
23

102 x 10
G.5)° 12

0

In the exponential portion of this exrvession, then, the numerator
turns out to be 10%. For you to have obtained the answer you selected, you
would have had to omit taking the 102 into account. This would make the
nugerator 1012 which would be exactly canceled by the denominator to yield
10V,

Please return to page 2l. You should be able to pick out the right
answer at once,
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YOUR ANSWER --- B
There is a serious error here.

You have placed a "2" before the 'r 2" What does this mean? Do you
think it exptresses the fact that the weight of the rocket must decrease to
half that at sea level?

No. The "2'" before the e 2 says that the value of r2 has been doubled.
There is nothing in the statement of the problem to justify this assumption.
Just because the weight is going to go down by a factor of 2 is no reason to
assume that the distance between the rocket and the center of the Earth will
double.

Perhaps you were thinking of mr/2, but this would not be right either
because the mass of the rocket doesn't change (for purposes of this problem).
Actually mass is decreased as fuel is burned, but we are looking for effects
of gravitational pull only. The decrease of fuel is another problem.

Please return to page 84 and select the correct answer.




53

YOUR ANSWER —--— A

An excellent way to tell if any quantity remains unchanged from one
equation to another 1s to look for a repetition of its symbol in both equations.
One of the three quantities in the answer above 18 not repeated in both

equations; hence it is changing. A quantity that changes does not remain
constant.

Please return to page 23 and select another answer.
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YOUR ANSWER --~ B

You ave coriect. To two significant figures, the force acting on Io
is aboutr 16 times &s great as that acting on Callisto. The solution follows:

Mass of Ic = my = 1.0 unit of mass.

Mass oi Callisto = m_ = 1.3 units of mass, comparatively.
Distance of Io = 2.6 x 10° mi. This is ri.

Distance of Callisto = 1.2 x 106 mi. This is T

, , mymy 1.0 x mj . km
Forcte acting on lo = Fy = k;in * k?ztg—;fias) 3?%?§fi610

o _memy b3 xmy 1.3 kg
Force acting on Callisvc = F, erz k<102 x 10652 * 1.4 x 1012
_kmy
F. 6.8 x 1010 ¥eh 1 1.4 x 1012
Ratio of forrces: i =— = 10 X
Fo ~ L3kmy = T 8.8x10 0 1.3 ¥
1.4 x 10*#
¥ .4 2

Fi =TT+ 638" 10 = 16 {answer)

Fe

That was & iittie tougher than usual, wasn't it? But when you come
right down %o the difficulty, you can realize that the only tedious part was
the arithmetic. The principles used in solving this problem are no different
from those uwsed orr ¢he simpler ones we solved before.

Piease go on to page 55.
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Not once have we involved the force unit that would have to appear
in any solution of
= KOyM2
Fg k;i

0f course, we had our reasons, but we can't avoid this question forever!
To be consistent with the MKS system, what would we like this force unit to be?

(11)
A The pound.
B  The kilogram.

C The newton.
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YOUR ANSWER --- D

You are correct. The force would be:

1 x1
Fg = 1"7132 = ] nt

In obtaining a force of 1 nt, you will remember that we assumed k =
1 m3/kg-sec2a This assumption was entirely unwarranted and, as a matter of
fact, is decidedly incorrect. Once we have defined the newton in terms of
the Second Law (1 nt = 1 kg x 1 mfsecz) we are committed to this value.
We are no longer free to define it in terms of other variables, such as those
in the Law of Universal Gravitation. Thus, two 1 kg masses with 1 m between
their centers do not exert a force of 1 nt on each other. This means that k

does not equal ! m3/kg-sec2.

How, then, does the physicist determine the true numerical value of
the constant of proportionality in the gravitation law? There is only one
way. It must be obtained from experimental data. Henry Cavendish was the

first to make the necessary measurements.

Please go on to page 57 to see how he did 1it.
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/
Before continuing, please turn to page 123 in the blue appendix.

A simplified diagram of his apparatus 1is shown in Figure 4. Two
large masses, M, were mounted rigidly in a closed chamber near two smaller
masses, m. The small masses were suspended from a thin flexible wire.

Figure 4

The small masses were attracted toward the larger ones and, despite
the tiny gravitational force, the suspension wire twisted slightly, displacing
the small masses by a measurable amount. Cavendish recorded the amount of
twist; then he moved both large masses to a symmetrical position on the opposite
sides of the small masses. He again recorded the amount of twist. From a
knowledge of the forces required to twist that particular suspension wire
known amounts, he was able to calculate the force of gravitation. He knew
each of the masses (m and M) accurately, and he knew the distance between
their centers to a high degree of precision. The amount of twist told him
the magnirude of the attractive force between m and M. That left only one

unknown, namely, | . WHAT 1S THE MISSING SYMBOL?
(15 '
A r
B k
C F
g
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YOUR ANSWER --- D

These are two entirely different masses. They cannot be combined in
symbol form by multiplying them and then calling the product the 'square of"
some mass, m.

The actual legitimate operation is staring you in the face!

Please return to pagelll and determine what it is.
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YOUR ANSWER --- D

if you know only G and r, the equation g = G x me/r2 still has two
unknowns, me and g. As you well know, an equation containing two unknowns
cannot be solved for either of them. To find g without experimentation, you
would also have to know the mass of the Earth, me.

Read the other answers carefully; think about them. What was the
point we set out to prove?

Please return to page 78 and select the right answer.
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YOUR ANSWER ——- A

You didn't solve it correctly.

It would be best if you tried this problem again with no help from us.
So review your steps and try to find your mistake.

Please return to page 24, please, and make another selection.
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This page has been inserted to maintain cortinuity of text. It is
not intended to convey lesson information.
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YOUR ANSWER --- A

You are correct. That is:

ially: o= kET
Initially Fg r22
. = 1 3mp) (4mp) _ 12mymo
After change: Fg k (2 = k Wl
mym
New force: Fy = 3kr%22

And the new force is three times as large as the initial force.

To see how the Law of Universal Gravitation applies in astronomy,
let's investigate it in reference to the two satellites of Jupiter, namely
lo and Callisto. (See Figure 3.)

ny
me, = 1.3 units

my = 1.0 unit
Callisto

Io

(:;) Jupiter

|
I I

| |
k—2.6 x 10° mi’—¥ 1.2 x 100 mi——

Figure 3

Note first how the masses are given. The mass of Jupiter is
desiguated simply as mj; as you will see, the actual mass in kilograms will
not be required. In addition, the mass of Io (my) is stated as 1 unit
while that of Callisto is given as m, = 1.3 units. All this means is that
Callisto has 1.3 times the mass of Io. The actual masses in kiingrams will
not be needed in solving the problem we intend to present.

Now observe the distances of the satellites from their primary,
Jupiter. Study these figures; then answer this question.

Which satellite experiences a greater gravitational force?
(9
A Io.

B Callisto.




66

YOUR ANSWER --- B

You are correct. From the following equation:

Fg = kmymg (present circumstances)
we can obtain this:
Fg = k(lOmt)me (increased mass of Tiros)
=,10kmtme

Since 1Okmgm, is 10 times &s large as km¢mg, then the new gravitational
force would be 10 times the original value.

We'll leave the subject of mass, for the moment, and turn to the
question of separation distance between the centers of the bodies and the
effect of this distance on gravitational force. Newton arrived at a rela-
tionship between distance and force by observing the motions of the moon and

_ .the planets; Henry Cavendish corroborated Newton's equation experimentally.
Let's see where some independent thinking on your part would take you in
this regard.

Let's say that you have measured the gravitational force between two
known masses separated by a known distance. Now assume that the bodies are
moved apart, increasing the distance between their centers. Would you then
expect the force of gravitation to increase, decrease, or remain the same?

(6)
A Increase.

B Decrease.

C Remain the same.
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YOUR ANSWER --- B

The amount of space occupied by a body does not determine its mass.

A familiar example will point this out very quickly. Say you deter-
mine the mass of a deflated rubber balloon by any method you wish. You
might weigh it first; then you might look up the value of g for your location;
and finally you might use the equation w = mg to determine the mass by solving
for m and substituting your weight measurement and the value of g.
- W
"Tg
Now you inflate the balloon to a large volume. The space it occupies
will now be 20 to 1,000 times greater than it was before, depending upon the
kind of balloon it is. The weight of the inflated balloon might be slightly
greater than it was before because of the enclosed air but it certainly would
not be even twice or three times as great, let alome 20 to 1,000 times
greater. You know this from experience.

Therefore, although you have increased the space occupied many times
over, the weight increase is certainly not in the same proportion, so the
mass increase cannot be in the same proportion either.

It would be wise if you were to divorce mass from volume in your mind

from now on. Only under certain circumstances are they interdependent;
almoet all of the time they are not.

Please return to page 3 and choose another answer.
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YOUR ANSWER --- A

The only way to determine which of the three cases is the one where
gravitational force is the greatest is to perform a laboratory experiment
using the masses shown in which you measure the actual attractive force. 1In
asking you to select the proper answer, we were more or less depending on
your previous reading and, perhaps, on your past studies in the lower grades.

It is possible to measure the gravitational att.action between

laboratory masses, as you will see later. But such a measurement performed
on the three cases 1n Figure 1 on page 99 does not give the answer you selected

Please return to page 99 and choose another answer.
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YOUR ANSWER --- B

If F_ were directly proportional to the sum of the masses, we could
write: F, = k(my + m3). To compare the three cases, we could then set k =1
since it will have the same effect in each situation. Next, we can determine
the value of Fg in a comparative sense in this manner:

i

Case X: F 1 kg + 10 kg = 11 units of force

g
Case Y: Fg 1 kg + 1 kg = 2 units of force

it

#

Z: F
Case g

In the chart of Figure 2 on page 4, the values of F_ are, respectively,
10 vnits, ! unit, and 190 units. Surely you can see that Ene comparative
values are completely different for the Cavendish measurements than they are
when obtained from the sums of the masses.

10 kg + 10 kg = 20 units of force

Hence, Fg is not proportional t« the sum of the masses.

Please return to page 4. Using the method outlined above, you should
be able to arrive at the right answer now.
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YOUR ANSWER ~-- A

The force of gravitation is directly proportional to the product of the
masses. Your answer indicates that you are handling these quantities as
though there were an inverse proportion between them.

‘You should do it this way:

In general: Fg = lemz
Originally, before doubling: 16 = kmm,
After doubling each mass: Fg = k(2m}) (2mp) = 4kmmp
So the new force is: Fg = 4kmmy

From the second step we know that kmjmp originally had a value of 16
units. So we can substitute 16 units of force for the factor kmimy in the
last expression. Thus we have:

Fg = 4(16)

This does not give you an answer of 4 units of force, does it?

Please return to page 38. You should be able to pick the right answer
now.
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YOUR ANSWER —-- B /

You weren't careful, The expression you selected states that Fo is
inversely proportional to the separation distance. We want the expression
which states that Fg is inversely proportional to the square of the separation
distance.

Please return to page 6 and make your next choice carefully.




YOUR ANSWER ~—~ C

The ratio oi the forces on 1o and Callisto does not fall into this
range. You have, therefore, made an error in crder of magnitude.

You must go back and find your error by checking all of the operations
you performed. 1In a problem of this type, there are three common sources of
error:

(1) TForgetting to square the distances.
{2) Errers in handling powers of i0.
{3) Just plain arithmetic errors (such as division of fractions).

Please return to page 8. After working the problem again, iou should
be zble to select the right order of magnitude.

‘‘‘‘‘‘‘‘
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YOUR ANSWER --- B

That's not a thoughtful answer.

The kilogram measures only one thing: mass.

We do not use 1t to measure force, although some attempts have been
made in the past to establish the kgf (kilogram-force) as a standard unit.
In our endeavor to remain consistent at all times, what should always appear
in our discussions as the MKS force unit?

Pleace return to page 55. Make another selection.
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YOUR ANSWER -=- C

You are correct. If this was your first answer choice, you are doing
very, very well. The constant in the Law of Universal Gravitation is not a
pure number; it has units of its own and these units must be assigned to it
by us in such a way that F, will come out in newtons. The easiest way to
determine the units that must be assigned to k in order to make F, come out
in newtons is to solve the gravitation equation for k, and then substitute
MKS units for the other quantities. Thus:

The Law: F = kﬂl%z

Fr2
myma

Then, solved for k: k =

Remembering that the newton is a EE:E, we may then substitute and
obtain: sec

e
k= 280y —

Whew! That's a complicated-looking expression. But it can be
simplified. Try to do it. Then choose one of the expressions below as the
correct simplification.

(13)

ml
sec?

o

kg-sec
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YOUR ANSWER --- B

This answer is particularly poor because it contains two errors.
First, it is numerically wrong.

Second--and much worse--you accepted the
kilogram as a force unit.

The kilogram is used only as a mass unit'

Please return to page 13, Select your answer more carefully this time.
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FYOUR ANSUWEY ~-- B

We'll take some representative figures. In a modern laboratcry where
the Cavendish experiment is being repreated it is found that a 1.00 kg mass
attracts a 10.0 kg mass with a force of 0.667 x 10~7 newtons when the distance
between the centers of the two masses 1s 10.0 cm.

To determine the numerical value of k, we then solve the gravitatiomal
equatrion fow k, scbsvitute the known quantities, and there it is.

Suppose you do the job. What is the value of k with units? Which
cne of the guantities given below is the correct one?

(16)
-6 m3
A 0.667 x 10 To—sec
g ~-sec
o3

7y ] ¥ "'8
B C.€67 x 10 W

2
. 4a=0 _m
C 0.667 x I0 _——kg—-sec3
. ‘ 5
D 0.667 x 1070 1
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YOUR ANSWER -=~ C

You are correct. This is a good way to write it because it shows
that the acceleration is due to gravity (g rather than a) and that the forcs
acting on the mass 1s the gravitational force (Fg) rather than any other force.

Let's bear this in mind: we want to show that the mass of the fa’'ling
body (m) has absolutely no effect on its acceleration. To keep our symbols
very clear, suppose we call the mass of the falling object m, rather than
just m alone. So then, the acceleration of this object is given by the
relation:

_F
8 = o
But we know an equationr that will enable us to write F, in terms of
the mass of the object (mgp), the mass of the Earth (mg}, the universal
constant of gravitation (G), and the distance betwesen the center of the object
and the center of the Earth.

All right., Write F_ in terms of these quantities, using the symbols
given in the paragraph above. Then turn to page 1ll1. ’
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YOUR ANSWER --- &

_Sure, that is cors2ct. When the m, terms are canceled, the simplified
expression becomes:

B " 6

Are you surprised at this result? You knew all along that something
like this was going to happen. The mass of the object in free fall (mgy) has
dropped out of the equation altogether.

But what does this expression for g mean? Pick out the one statement
below that tells us what we want to know.

(19)

A The acceleration in free fall is directly prdportional to the mass
of the Earth and inversely proportional to the distance between the
center of the Earth and the center of the falling body.

B The magnitude of g--acceleration in free fall--is the same for any
objiect no matter where it may be.

C The acceleration ¢f a freely falling body is independent of the
mass of the body.

D We could compute the value of g without experimentation if we
are merely told the vilue of G and the radius of the Earth (r).
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CORRECT ANSWER: The words '‘square of' have been omitted before the word
"distance.'" That is, the latter part of the statement should read "...and
inversely proportional to the square of the distance between the center of

the Earth and the center of the falling body."

This kind of mistake 1s inevitable 1if you don't read carefully.

Please turn to page 78.
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a

YOUR ANSWER -—- A

You sre correct. As indicated by g = G x me/rz, g 1s inversely
proportional to the square of the distance between renters. By rising to
4,000 miles, the distance to the center of the Earth has been doubled since
the radius of the Earth is also about 4,000 miles. Hence, the value of g
would be cut down to % of its surface value. Since the surface value is
32 ft/secz, then the new value would be 32/4 ft/sec? or 8 ft/sec?2.

Think now.: What was it we set out to prove about the effect of mass
of a freely falling body on its acceleration? Let's go back and take another
look at the question we are dealing with.

Plezase turn to page 78.
)

\
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YOUR ANSWER --- A

Check the substitution very carefully. Your coefficients are correctly
positioned, but you have anerror in placement in the powers of 10. You can
find the error.

Please return to page 113 and select the right substitution.
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YOUR ANSWER --- A

Thie 1s a scatement of Newton's Second Law. In it, w is the weight
of the person, my 1s the mass of the person, but what is g? Normally, g
stands for the gravitational acceleration near the Earth's surface, 9.80
n/sec”.

Now, if you meant the gravitational acceleration near the surface of
Mars, you must identify the g as g' or g_ or some other clearly defined
symbol. Then, the correct equation for the weight on Mars would be:

W = mpgy
The trouble is, of course, that you don't know gy, ©he gravitational

acceleration on Mars, so you couldn't use this equation to determine the
weight of the 100 kg man.

Please return to page 115. Select a better answer.
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YOUR ANSWER --- C

In collecting terms, you should have arrived at something like this:

_ 6.7 x 6.4 _ 10711 x 102 x 10?3

v G.n2 X (1062

If you forget to square the factor in the denominator, then you would

gel an answer of 10 for the exponential pertion of the weight. So this must
be what you did.

Work out the exponential term agaiﬁ, remembering to square 106.

We're sure you'll hit it this time.

Please return to page 21.



CORRECT ANSWER: A 740 ib man wouid weigh about 82 1b on Mars.

Here is another .nteresting ctype of probiem. Now that man has fully
committed himself to space travel, he is eager to get all kinds of information
about the vehicles that he blasts from the Earth. For example, if -~ rocket
is fired straigh: upward, the distance between its center ana the Earth's
center increases as long as it continues t¢ move away from the Earth.

We'd be interested in knowing, say, the altitude to which a rocket
must be carried by its motors for its weight to decrease to half the value
it has at sea level.

How does one tackle such a probiem? As a start, let's write the
equation fox the weight of the rocket at sea level:

in which m. = the mass of the rocket and "4,000" is the distancu between the
center of the rocket and the center of the Earth (which, of course, is merely
the radius of the Earth in miles.)

Next let us write a s%walar gravitational equation for the condition
in which the weight of the rocket is half-normal.

Which one ot the following is the ~orrect equation?

(24)
A Y. gle where r 1s the new distance from the rocket to
2 ré the center of the Earth.
here r is the new distance from the rocket to
= o} i
B ow era the center of the Earth.
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YOUR ANSWER --~ B

How do you determine if a given quantity remains unchanged from one
-equation to another? You look for the symbol of this quantity to be repeated
in the same form in both equations.

Now 1f you do this for the three quantities above, you will see that
they are not all repeated as you go from one equation to the other; hence
at least one of these quantities changes for the new situation. A quantity
that changes does not reuwain constant.

Please return to page 23. You should be able to choose the correct
answer now.
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YOUR ANSWER --- B

No, this ic not correct. The error is a rather common one committed
by students in dividing fractions. Jn the left side:

(After canceling w's.)

N]£,€
e

But 1 divided by % does not equal %, does it?

Pleuse return to page 117 and note that the other answer is correct.
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YOUR ANSWER --- B

This is not the correct solution.

It would be best for you to solve this problem with no help from us.

Review the steps that brought you to the above solution and try to find the
arror.

Please return to page 24 und select another answer.
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.
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YOUR ANSWER --- D

You need to review the meanings of the symbols in the Law of Universal
Gravitation,

F_ = kmIm2
g o]

We said that Cavendish knew the masses M and m accurately. In this
case, we have used the letter M for my, so it is known.

Think over the meaning of each symbol a little more carefully. Then
return tc page 57 arnd try again.
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This page has been inser’ed to maintain continuity of text. It is
not intended to convey lesson information.
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This page has been inserted to maintain continuty of text. It is
not intended to convey lesson information.
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.
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YOUR ANSWER --- C
This solution is not correct.

It would be best for wcu to solve this problem with no h=lp from us.
Review the steps that carried you to the solution you selected; try to find
the mistake you made.

Please return to page 24 and find the right answer.
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CORRECT ANSWER: The combined proportion should appear like this:

= oim
Fg = kg~
Two proportions involving the same dependent variable may be combined
into a single proportion merely by putting them together in the form shown
above. We have not presented a rigorous mathematical proof that this "putting
together" process is correct (although such a proof does exist), but we
know that it works. It 1s easily tested. Let's run through it together.

If the distance between the centers of two gravitating bodies is not
allowed to change, then r is constant. This means that r2 is also constant
so that k/r? is constant, too. Let's replace k/r w1tb K to signify that this
entire fraction remains the same. This gives us: = Km m which 1s nothing
more than a symbolic statement of the first part of %he Law of Universal
Gravitation. {See notebook entry 1{a) for this lesson.) Thus far, then, the
combined proportion works.

Next, we propose to let the distance-between centers vary, while the
masses are held constarit. In that case, the product mymp is constant, making
the whole product kmlmz a constant, too. Again, we can replace kmymy with K
to signify its unchanging nature and write:

- X
Fo = 2

This 1s, of course, the second part of the Law of Universal Gravitation.
(See notebook entry 1(b}.)
So, you see the expression F_, = Lm%mz is a complete statement of

the law. 8

Please turn to page 122 in the blue appendix.
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Before going ahead, be sure to complete notebook entry 1{c) with:

= mlm
Fg-.]r%z
~ You are now equipped to handle so=called functional problems in the
Law of Universal Gravitation. Such problems do not involve units; they merely
require you to state the factor by which the dependent variable changes
(F_ in this case) when you change one or more of the independent variables
(my, my, or r) in a stated way.

For example, suppose you double mj, mp, and x. Yes, all of them.
What change would that make in the force of gravitatlon between the two bodies?
The solution follows:

Initially: Fg = k%%ﬁz
After Doubiing: F. o= k(2m1)(2mp) - p4m 592
| & (2r)2 r

5 "1'. ‘
(NOTE: 1In doubling the distance, the '"2'" must be placed inside the squared

parenthesis! You are doubling the distance; you are not doubling the distance
squared!) '

Note that the 4's cancel so that the new force is:

- mlm2
Fg = ko

This is exactly the same as it was initially. 1In other words, doubling all
the independent variables. “lcaves the force of gravitation unchanged.

Please go on to page 97.
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Now you try this one: What happens to F_ if the mass of one body is
tripled and the other mass is quadrupled while %he distance is doubled?

The value of F_, will go up by what factor?

8
(8)
A 3
B 6
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YOUR ANSWER --- A

-

No, this answer is wrong. But how could you have made a more
"educated guess' than this, assuming that you know nothing at all about
gravitation? There is a way; admittedly, it's not especially scilentific,
but very often small bits of apparently unrelated knowledge lead to better
guesses, ’

You must have played with magnets at one time or another, Magnetic
force acts over a distance and is therefore quite similar in this - respect
to gravitational force. You know that a magnet will draw a piece of iron to
itself if it is brought sufficiently close to it. Now move the same magnet
further away from the same piece of iron, and you find that it can no longer
exert enough force to make the iron move. '

Indeed you have no right to assume that magnetism and gravitation
follow the same physical laws, so you cannot say that everything which is
true about magnetism must also be true about gravitation. But their simi-
larity is strong enough to give you a jumping off place for your guesses.

Please return to page 66 and make another selection.



8%
YOUR ANSWER --- C

You are correct. The mass of a body depends upon the guantity of
matter in it: the number and kind of molecules and how closely they are
packed.

We hope you remember that we have considered the definition of mass
in terms of 'quantity" of matter as a very weak one from the beéginning. The
word quantity is a vague and not particularly meaningful term. In our
study of the laws of motion, we found that 1t was highly satisfactory
to rzlate mass to inertia. That 1is, a body of small mass is accelerated by
a small force, while a body of large mass requires a correspondingly larger
force to give it the same acceleration.

¥ow 1n considering the gravitational force between two objects, we
must recognize that we are now dealing with two masses rather than with one
as we did in applying the laws of motdion.

I
=1k . . = 10 k
my g\ Ga © —J_ my g
r
D @ D oesra
m = 10 kg 5\\\ ' m, = 10 kg
Figure 1

~ Refer to Figure 1. X, Y, and Z represent three different cases. In
each case, the distance r between the centers of the two bodies is the same,
but the combination of masses ig different. There 1s z mutual gravitational
attraction between paired masses 1n each case. In which one of the three
cases do you think the attractive force is greatest?

(2)
A Case X.
B Case Y.

C Case Z.
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YOUR ANSWER —-- A

We:didn't say that the mass of the Earth was also increased 10 times!

Only that of Tiros II has been increased tenfold.

In looking at the proportion for this problem, you would say:

Tiros II's mass

(Present) = kmymg where mg

Fg

(Imaginary) Fg = k(lOmt)me and m Earth's mass

e

We wont go any further than this here. Merely by looking at the two
proportions, you should be able to see your error.

Please return to page 5. Select a better answer.

Mwe,




i0l
YOUR ANSWER —--- C

If F, were directly proportional to the quotient of the masses, we
o
could write: :

F = kﬂZ
g mp

To compare the three cases, we could then set k = ! since it will have
the. same effect in each situation, We could next determine the value of Fg
in a comparative sense in this manner: : ’

3 =1Okg= 1 ’
Case X: Fg _T_Eg 10 units of force

1 kg - :
g T_Eg 1 unit of force

i0 kg
& 10 kg

The Cavendish experiment values of F_,, however, are respectively, 10
units, 1 unit, and 100 units. Surely you can see that the comparative wvalues
of the Cavendish measuremeuts are vastly different from those obtained by
assuming that Fg is proportional to the quotient of the masses.

i

Case Y: F

Case 2: F - 1 unit of force

Please return to page 4. Uasing the method outlined above, ycu should
be able to figure out the right answer.
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YOUR ANSWER --- B

You are not handling the proportion correctly.

Look here:
In general: Fg =
Originally: 16 =
Now we double each mass: Fg =
So the new force is: Fg =

From the second step we know that kmjm,
units. So we can substitute 16 units of force
sion. Thus:

Fg = 4(16)

This does not give you an answer of 32,

kmmy
knymo
k(2my) (2mp) = 4kmymg
hkmymo

originally had a value of 16
for kmymy in the last expres-

does 1t?

Please return to page 38. You can now select the right answer.



YOUR ANSWER -~-

You are supposed to chocse the expression which mathematically states
that the force of gravitation is inversely proportional to the square of
rhe separarion distance. That is, the r should be squared. Why did you square
the ccnstant k? This wouid still be a constant and would not show a relation
t0 change in separation. Furthermore, the k is in the numerator, making F
intiease as k increases.

Please return to page 6. Make a2 more thoughtful selection.

O

ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER --- B

No. 1It's the other way around.

Look at the figures again.

Mass Distance
Io 1.0 unit 2.6 x 10° mi
Callisto 1.3 units 1.2 x 100 mi

Callisto has a larger mass than Io. This in itself would tend to cause
the gravitational pull of Jupiter on Callisto to be about 1.3 times as great
as that on Io.

But, compare the distances. Io is 4.5 times closer to its primary
than Callisto is. Since gravitational force varies inversely as the square
of the distance, this would tend to produce a force on Io that would be (4.5)2
or 20 times as great as it is on Callisto. Naturally, this more than overcomes
the effect of the greater mass of Callisto.

Clearly, then, you will want to choose the alternative answer to the
original question. Please return to page 65 and do so.

RS
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YOUR ANSWER --~ D
Yes it is!

One of the ranges given is correct for the ratio of Fg acting on Io
to F, acting on Callisto. You have made a seriov ‘ror in order of magnitude
if you cannot find the range in which your answe: ongs among those listed.

Possibly you committed one or more of the following mistakes:

(1} Did you forget to square the distances?

(2> Did you handle the powers of 10 correctly.

(3) Were you careful with your arithmetic, especially in the
division of fractions?

Please return to page 8. After working through the problem again,
you should be able to choose the right ordzr of magnitude.
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YOUR ANSWER --- C

Well, then, let's go back to the Law of Universal Gravitation in its
mathematical form:

= k102
Fg ke w2

We shall first view the k as a pure number, substitute units on both
sides, and then see whether this assumption is correct. Remember, a pure
number has no units at all. If we do this:

Since
F_is to be in newtons

newtons k
. m% and m2 in kilograms we have: newtons= k—&—EQE&

m
r in meters

But we know that a newton is the equivalent of a kg-m, 50!

secz’
ke
sec = k m

Well! The units now shown on the opposite sides of the equation
certainly are not equivalent, are they?

Think now! Which one of the statements below is the best explanation
of this apparent dilemma?

(12)
A There is nothing we can do to make Fg come out in newtons.
kg? .
B Obviously, 1—%2 is the same as 1 newton.

C Our assumption was not correct; we cannot assume k to be a pure
number.
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YOUR ANSWER --- A

If you couid cance! the kg-m in the numerator against the kg2 in the
lower denominator, then the simplification would be correct. But, unfortu-

nately, this cancellation is improper; hence this simplified expression is
wrorg.

Take your time. Observe the rules of simple arithmetic. You can do it.

Please return to page 74 and try again.
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YOUR ANSWER --- C

You know better than that. The kilogram is a mass unit, not a force
unit. ' '

Please return to page 13. Choose another answer.
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YOUR ANSWER --- C

You need to review the meanings of the symbols in the Law of Universal
Gravitation:

g r

F 1is the gravitational force or the force of attraction between the
masses., -Thus, if Fg was measured, it was known, not unknown.

Please, try a bit harder. Return to page 57 and make another selection .
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YOUR ANSWER --- C

There are two errors in this answer.

The unit is incorrect. Check your previous work and find the right
unit.

Also, the answer is numerically wrong because you mishandled your
exponents.

Go through the solution once more. Then return to page 76 and select
a better answer.
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CORRECT ANSWER: Fg should be written in terms of m,, mg, G, and r as follows:
- MM
Fg G“?Ya
Did you get it right? We hope so!
Now we have the Second Law:
g = Ty
My

Since we also have the equivalent of F_, in the form of the equation
in the answer above, we can substitute this equivalent for F_ in the Second

Law equation and obtain: &

- cﬂggﬂ (This réplaces Fg.)

me

Don't let the complex appearance of this equation frighten you. Look
at it calmly. You should notice in a few seconds that there is a way to
simplify it considerably by means of a single operation. What is this operation?

(18)

A Cancel the mj in the numerator by the m, in the denominator.

B Move the r2 into the numerator.,

C Cancel g against G, dropping out these terms.

D Multiply my by mg, thus obtaining n.
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YOUR ANSWER --- B

The location of an object with respect to the planet whose mass causes
the gravitational force determines the value of r. If an object is close to
the Earth, the distance of separation between its center and that of the Earth
is about 4,000 miles, equal to the radius of the Earth. But 1f the object
is carried to some distance away from the Earth, r increases causing g
to decrease. For example, 1f a rocket is fired to an altitude of 4,000
miles above the surface of the Earth, its new distance of separation from the
Earth's center is 8,000 miles. The value of r has therefore doubled. What
would be the new value of g? Select one of the answers below: '

(20)

" A The new value of g would be about 8 ft/secz.

B The new value of g would be about 16 ft/secz.
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CORRECT ANSWER: Solved for m,, the equation g = G%ﬁ becomes:

The values of the known quantities on the right side of the equation
are (all to two significant figures):

8 m/sec?
0 x 103 miles (radius of Earth, average)
7 x 1011 n3/kg-sec

9
4
6

@t
LI .

To clear up the inconsistency in the units, we'll convert the radius

of the Earth to meters for you:

r=4.0x 103 mi x 5.28 x 105 ft/mi x 1/3.28 m/ft
= 6,44 x 10° meters

Since we will need to square r, let's do that right away:
r? = (6.44 x 106)2 = 4,14 x 1013 meters?

We're now ready to substitute. You do this part of it; then choose
the correct substitution from those below.

(21)
9.8 x 4.1 x 10~11
A me = 6.7 x 1013
9.8 x 6.7 x 10711
B me="—"71x 1013
c _ 9.8 x 4.1 x 1013
Me ¥ 76.7 x 10-11
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CORRECT ANSWER: The mass of the Earth is:
m, = 6.0 x 1024 kg

As a check, we looked up the accepted value for the mass of the Earth
in the Handbook of Chemistry and Physics, 44th edition (1963), p. 3486. The
accepted value is:

mg = 5.983 x 1024 kg

Pretty good agreement, we'd say! You couldn't ask for much better!

NOTEBOOK ENTRY
Lesson 2

(Item 1)

(f) By solving the equation above, g = Gﬂ&, for mg, we obtain an
expression which allows us to calculate the mass of the Earth
directly.
gr’

G

Mg =

in which § = 9,80 m/secz, r = 6.44 x 10° meters, and G = 6.67 x 10”11

m3/kg—sec .

Now for a problem about Mars, turn to page 1ll5.
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A man who weighs 220 1b om Earth has a mass of about 100 kg, since
1 kg of mass weighs about 2.2 1b. Again, just for the fun of it, suppose
we find out how much this man would welgh on Mars.

Since weight is the force of gravitation, then w may be substituted
for F, in the gravitational equation. If mp = mass of Mars, rj = radius of
Mars, and my, = mass of the person, then which equation would you use to find

his weight on Mars?

(22)
A w= my8
_.m
B w C’rﬁ%"

C w = Gpijl
T'm
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YOUR ANSWER --- B

You are correcc. In collecting terms, we have:

o= 6.7 x 64 1071 x 102 x 1023
(3.4)2 (105)2
6.7 x 6.4 2
= ———-—2(304) -— X 10
6.7 x 6.4 2
11.6 10
w on Mars = 3.7 x 102 = 370 newtons

You will remember that a 100 kg man weighs about 220 1b on the Earth.
So, about how many pounds does the same man-weigh on Mars? (In the event
that you have forgotten the number of newtons in one pound, we'll refresh
your memory: the conversion factor is 4.5 nt/1b.)

Write youranswer to two significant figures; then turn to page 84.
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YOUR ANSWER --- C

You are correct. Since me, G, and m, appear unchanged in both equations,
then you may consider them constant, of course. So to make our work a bit
simpler, let us now rewrite the two equations using k in place of Gmgmy.

At Sea Level: At the New Altitude?
W".—k_z Y_uk
(4,000) 2 ™ ¢2

See how nicely this kind of substitution simplifies the aspects of
the equations? ' A

So we have two equations. Only one of these contains the unknown,
the quantity in which we are interested, namely r. (Remember, we are inter-
ested in the altitude to which the rocket must ascend in order to halve its
weight.) A trick that is often used in eliminating undesirable unknowns in
a pair of equations is the process of dividing one equation by the other,
thus enabling us to cancel similar quantities.

We want you to do this. Divide the 'sea level" equation by the '"new
altitude" enuztion. Which one of the following can be obtained this way?

(26)

A 2 _-_lfi_-
(40002
2
B l_-____r__z
2 ™ (4,000)
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YOUR ANSWER --- D

You ara correct, Taking the equation given and transposing we have:
(4,00002 x 2 = ¢

Then, taking the square root of both sides, we obtain:
r = 1.41 x 4,000 miles

The product is r = 5,640 miles.

So, the new distance between the rocket and the-cecater of the Earth
required to halve the original sea level weight of the rocket is 5,640 miles.

Using this figure and the known radius of the Earth, the altitude .
required to halve the weight of the rocket is 1,640 miles. This is obtained
merely by subtracting the radius of the Earth (4,000 mi) from the 'new
distance'" (5,640 mi), or 5,640 mi ~ 4,000 mi = 1,640 mi.

Please turn to page 25.
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.
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LAMP LESSON 9 121 Tape Segment 1

WORKSHEET
- Piease 1isten to Tape Segment 1 for this 1esson¢' You will also need
a single-concept film projector and the film entitled
NEWTON'!S THIRD LAW
DATA ITEM A: Diagrams below.

wﬂﬂﬁ%@ﬁl The flat spring is attached to
(‘ SPRING Glider 1 on the right. When
. _ £ , compressed, it causes Glider 1
E;___ S— to exert force F' on Glider 2,
' and Glider 2 to exert force F on

Glider 1., Either force may be con-~

GQLIDER 2. QUDER | sidered to be the reaction to the

other.
TRAAL ]
l.(— t spapn —y|e I STAN __y-I
Ft =(1M){a® K 7= (1M) (&)
M i M
AR TRACK. 2 : /A\ /
TRIAL 2.

lz— | sPAN —){<—— 2 SPANS —— 5

[
{
|
f

AR TRACK 2. A ]

Ft= (2M)(a') 2 M

) M F=(1M) (22)

JrriAL 3 -

}_4 5mw_,+— B SPAMS '——71
. | M

F' = (3M){a')= M C F=(1M) (32')

f
|
i
|

| hIR TRACK. | 2. ]A\ ) ]

(Go to next page, please)




AMP LESSON 9 12la Tape Segment 1
__{contin'd)

Lett'sz iook at tne diagram for Trial 1 on the previous page.
We start with two esqual masses, l.e. eacn glider has a mass
of iMe When the alr is turned on, the forces produced by the
compressed spring cause the gliders to move apart. Each one
moves & distance of 1 span. Now. you know that the distance
an object will be displaced is related to the scceleration
and time by the egquation:

= L 42
g = > at

Sciving this for acceleration, we have:

a = =, s

t2
The 1ntervel between the time that the air is turned on and
the g_iders begin tc move and the time that the air is turned
aff Lo sitcp the gliders is clearly the same for both giliderse
Therefore, time L is z constant for both gliders. Since the
number 2 1in the numerator is also a constant, then we can re-~
place

2 by k and write
t2
a=xks

Thus, the acceleration is directly proportional to the distance
covered by the corresponding glider. If one glider travels
twice as far as another, it must have had twice the accelera-
tiong if one travels three times as far as the other, it must
have had three times the acceleration: and so forth,

Sa, zeming back to Trial 1 we have:

for the glider on the right (Glider 1): F = (1M) (&)
F = Ma!

For the glider on the left (Glider 2): Ff = (1M} (a')
Ft = Mat

Therefore, F = F!' and we see that the action force, say F,
1s equal to the reaction force F', thus proving Newton's Third
Law for this particular case,

In the second trial (Trial 2), the 1M glider moved twice as
far as the 2M glider, hence the 1M glider must have had twice
the acceleration of the 2M gﬁider S0 we can write

for Glider 1: F = (1M)(24") 2Ma't
fer Glilder 2: F!= (ZM)(a*P 2Ma? so again, F = F!?

(go on to the next page, please)
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121b Tape Segment 1

{continued)
QUESTIONS
Use the special AV Computer Car to indicate your answer cholices.
1. In Trial 3 the facv that Glider 1 moved 3 times as far
' as Glider 2 (3 spans as compared with 1 span) indicates

that
A
B
C

D

=

glider 1 had three times the mass of glider 2.

glider 2 moved with three times the velocity
of glider 1 throughout the trip.

more force was acting on glider 1 than on
glider 2.

glider 1 had three times the acceleration of
glider 2. :

none of the above statements is correct.

2 For Trial 3, which one of the statements below is correct?

A
B

The action and reaction forces acting on
Glider 1 are equal and opposite.
The action and reaction forces acting on
Glider 2 are equal and opposite.
The action force on Glider 1 equals the reaction
force on Glider 2 and is opposite in di- ‘
rection,
The action and reaction forces act in the
same direction but on two different bodies.
None of the above statements is correct-

3« Suppose we ran a fourth trial. Being finally convihbed

that F = Ff

for this apparatus; suppose we made Glider

2 a BM glider and Giider 1 a 2M glider. Then if the

acceleration
would be the

BOoOowr

Please
Guide

of Glider 2 was again taken as a', what
acceleration.of Giider 1°?

2.5 at
. ’J aﬁ
1 af
O,;.-’-PO al
10 al

return now to page 3 of the Study
for Lesson 9.



AMP LESSON 9 _ 122 Tape Segment -2

WORKSHEET

Please Lisbten tu Tsape Segment 2 before starting on this Work-
sheet. Answer cholices shou:d be made on the Computer card.

L, When we say that the law of gravitation is universal in
nature, we impily that

A every object 1n the universe exerts an
‘equal force on every other object in
the universe.

B gravitaticn and centripetal force are
tdentical forces throughout the universe.

C aiil forces exerted on one body by another
in any part of the universe are gravi-
tational forcese.

D beside the Sun. &ii other stars in the un-
iverse exert significant forces on the Earth,
hence have a significant effect on its orbit,

E the orbit of a planet circling a star that
ig a billion billion billion miles away
is predictable by the same law as the orbit
of the Moon around the Eartho

5 Two bodies; A and B, rare small fixed spheres having masses
in the ratio of 4 to 1. At what point on the line
joining the centers of A and B should a third small (C)
sphere be placed so that the gravitational forces of
A and B on C are in equilibrium?

A Twice as far from B as it 1s from A
B Twice as far from A as it is from B,
C PFour timeg asgs far from B as it is from A,
D PFour times as far from A as it is from Bs
E 3Sixteen times as far from A as 1t is from B,
: My Mg
6o The Earth attracts the Moon with a force: Fg = k —4§~ o
: T
The mass of te Moon is voughly 1/80 that of the Earth.

Theretfore,

4 the Moon attracts the Farth with a force TT_ g
B the Moon attracts the Earth with a force
exactly equal to F .

C the Earth provides the centrifugal force need-
ed to keep the Moon in orbit,.
D a man on the Moon would weigh 1/80 his Earth
. weighto

Please return now to page 96 of the STUDY GUIDE,.
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Tape Segment 3

Please listen to Tape Segment 3 before starting on this Work-
sheet, You will alzc need & singise-concept projector and the
film entitled: MELSUREMENT OF G ~ THE CAVENDISH EXPERIMENT.

Data Item A: The value of G may be taken as 6.67 x 10711

2

s it

z
kg~sec

- QUESTIONS

7. Why is a light pointer used in the experiment you have
Jjust seen rather than a metal pointer attached directly
to the center of the bar of the dumbell?

A TIt's easier to see a light than a metal
pointer.

B The light does not add an inertial mass to
the system as a metal pointer would.

C The reflected light is sharper than a
pointer would be.

D The light pcinter and mirror system mag-
nifies the tiny motion of the dumbell.

E The light pointer permits the experiment
to be carried on in a darkened roon.

8: The unit tor G may be given in another way than that shown
in Data Item A above. Which one of the following is
the correct alternative unit?

A ‘ntem/kg

r> I
B nt-m“/kg

285
2, 2

C nte-n"/kg

D ntZ/m?~kg

B nt/m2=kg2

‘Please return to page 57 of the STUDY GUIDE.
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HOMEWORK PROBLENS

ke . . O3
=3 =X 8
LES ’S_.(_J o

that may be reguirsd for solving

5% the Earth) = 9.8 m/sec

Le Prove thal ihe tine reguired for one revolution of
. a body moving in a clrcle of radius r is given by

7 = 20Z
-

where T = the time for one reveoiution (called the
revicd) in sesc, if r is the vadius of the circle in
meters and v is the uniform tangential velocity in
meiters per gecond.

2. Freguency is the reciprocal of period. Write the
expression for the frequency of rotation in terms
of the radius of rotation r and the uniform tangen-
tial velocity v. (Use f as the symbol for frequency).

3. Wnat is the force of gravilmtional attraction between
e bhody having a mass of 50 kg and a second mody with
a mass of 60 kg when thelr centers are separated by
2 meters. ‘

4o How much gravitaticnal force does the Earth exert on

@ SU~Kg wass ab sea level?

5« What 13 the value of g alt a point in space that is
T z2 10° m Trom the center of the Earth? (The mass
of the Barth may be taken as 6.0 x 1024 kg) -

b Wnat is the weight of a 1000-kg rocket when it is
Tl %X 109 m from the center of the Earth?

7o At a point £.7 u 10° m from the center of the Earth,
& nmay be baken as QQO'mfseczg What velocity must be
given to an Earth satellite to send it into a eir-
cuiar orbiit at this distance?

8 The mass of the Barth is about 80 times that of the
Moon., A rocket fired toward the Moon has traveled
two=thirds of its journey. At that point, what is
the ratio of the Ezrth's force of attracticn on the
rocket to the Mocont's force of attraction on the
rocket?

O
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AMP LESSON 9 Tape Segment L

Please listen to Tape Segment 4 before startineg this Worksheet,

QUESTIONS

e S0 e T TR e

9« Despite all we have said about the equality of free-
fall acceleration of different masses at the same
point near the Earth, 1t is still quite obvious that
an acorn falls much faster than a leaf from the same
branch of a tree. How do you szsccount for this?

The air retards the leaf more than the acorne.
The 1leaf has more inertia due to its shape.
The leaf has less mass than the acorn.
Atmospheric pressure causes this effecte

The leaf has very tiny holes in it.

HOOQmwP

lO. An aluminum ball and a lead ball are dropped from the top
of a buillding at the same time. The balls both have
smooth surfaces and exactly the same diameter. Both
balls are observed to strike the ground at the same in-
stante, Which of the statements below relative to this
experiment is a FALSE statement?

A The accelerating force acting on the lead
ball is greater than the accelerating
force acting on the aluminum ball,

B The aluminum ball has a smaller mass than
the lead balle

C The lead ball has more inertia than the
aluminum bail,

D Both balls have the same average acceler-
ation throv: out the entire trip.

E The accelerating force acting on both
balls is identical,

1l. Which one of the following is an acceptable definition
of mass? .
A Velocity per unit force.
B Force per unit acceleratione.
C Force per unit velocitye.
,D Acceleration per unit force.
E Displacement per unit force,

o Please return now to page 19 in the STUDY GUIDE,




